INTRODUCTION {#sec0001}
============

Social distancing measures have been adopted worldwide to contain the spread of transmission of the COVID-19. Regardless of the success of such measures, social distancing invariably imposes limitations and constrains on diverse daily living activities.[@bib0001] The older adults, and especially those with cognitive impairments under home care, are particularly vulnerable to the disruption caused by social distancing. Besides their known sensitivity to loneliness,[@bib0002] severe disruptions of the normal routine,[@bib0003] including access to social supports at the community level are expected. The lack of such community services is particularly damaging to the older adults because they rely on them to maintain interpersonal links and to make relevant life adjustments to the environment.[@bib0004] Hence, social distancing could markedly compromise the quality of life and long-term health of community-dwelling older adults as well as their caregivers.[@bib0005] Telehealth has become an obvious and cost-effective alternative route of service delivery to this vulnerable group, which is compatible with the social distancing measures during the ongoing COVID-19 pandemic. While the effectiveness of telehealth outside pandemic periods has been investigated,[@bib0006], [@bib0007], [@bib0008], [@bib0009] how best to utilize telehealth during social distancing requires timely examination among diverse communities.

In its simplest form, supportive telehealth for older adults with neurocognitive disorder (NCD) cared at home may be conducted via regular phone calls whereby consultation and health information updates are made available to the caregivers.[@bib0010] It is expected that supportive telehealth can be readily enhanced by utilizing commonly accessible mobile communication platforms that permit video conference, such as *Zoom, WhatsApp* and *Facetime*. Such video-conferencing platforms should facilitate engagement with the older adults with NCD as well as their caregivers by allowing more direct and immersive interaction with the health service providers.[@bib0011] ^,^ [@bib0012] This mode of communication engages not only verbal, but also non-verbal communication and facial expression, which better approximates natural human face-to-face interaction.[@bib0013] ^,^ [@bib0014] Hence, video conference compared with conventional phone calls alone may boost social interaction in home-dwelling older adults with NCD when the opportunity for face-to-face engagement is curtailed by social distancing.

We hypothesized that telehealth via video conference could minimize the possible negative impact of social distancing measures made necessary by the COVID-19 pandemic. Here, we tested the extent to which telehealth delivered via video-conferencing platforms in addition to routine telephone calls would yield notable benefits to older adults with NCD (65--80 years old) in home care and their spousal caregivers over a period of social distancing. Care-recipient/caregiver dyads were allocated to either a control group with telehealth targeted at caregivers by telephone only or the intervention group receiving additional services delivered to both care-recipient and caregiver through video conference using mobile devices. Over a period of 4 weeks, we monitored the changes in general cognitive functions, behavioral and psychological symptoms of dementia and quality of life in the NCD subjects, and the caregivers' health status, perceived burden, and self-efficacy.

METHODS {#sec0002}
=======

Participants {#sec0003}
------------

Community-dwelling people with cognitive impairment and their spousal caregivers were recruited by convenient sampling through an activity day center for older adults. All participants had been visiting the center since early 2019. The present study began in March 2020 and was completed by mid-May 2020. Social distancing began officially in Hong Kong on 17th February 2020, but the public had already begun modifying its social behavior weeks ahead. We approached people who were between 65 and 80 with a diagnosis of NCD according to DSM-5 and were cared at home with their spouse as the primary caregiver. We contacted the caregivers and sought informed consents from them and the care-recipients to participate in the study. NCD subjects with major physical disabilities, such as strokes, were excluded. Following informed consents, the recruited dyads were allocated alternately into the two groups: *intervention*versus *control* groups, until 30 dyads were collected for each group. Group allocation was thus not randomized. The study was conducted according to the Declaration of Helsinki with prior approval by the Hong Kong Polytechnic University\'s Research Human Subjects Ethics Committee.

Telehealth {#sec0004}
----------

Both intervention and control groups received a weekly care service via telephone covering topics and information relevant to older adults' well-being of community living, focusing on healthy aging, psychosocial needs, and physical well-being (adopted the *Report on Hong Kong Healthy Ageing Executive Summary*, [www.elderlycommission.gov.hk/en/library/Ex-sum.htm\#3](http://www.elderlycommission.gov.hk/en/library/Ex-sum.htm#3){#interref0001}) (see *Supplemental Digital Content S1*). The caregivers in the control group received weekly telephone calls that lasted 30 minutes. The intervention group received, in addition, weekly health services delivered through video communication apps, namely, *Zoom, WhatsApp*, or *FaceTime*. The applications had been preinstalled on all caregivers' mobile devices at the time of enrolment. The NCD care-recipients were always present during video conference, and the healthcare provider was able to communicate directly to them. Each video-conferencing session was conducted on a separate day which also lasted 30 minutes. Outcome measures were obtained before and after the 4-week period by interviews and questionnaires conducted under blind conditions.

Primary Outcome Measures {#sec0005}
------------------------

Neurocognitive functioning, behavioral and psychological problems, and quality of life were assessed in the care-recipient with NCD by validated Chinese versions of Montreal Cognitive Assessment (MoCA), the Revised Memory and Behavior Problem Checklist (RMBPC), and the Quality of Life in Alzheimer\'s Disease (QoL-AD) assessment, respectively. MoCA was administered to the care-recipients.[@bib0015] The frequency measures of specified behavioral problems (over the previous week) of the RMBPC were obtained from the caregiver.[@bib0016] QoL-AD assessment was performed with the caregivers.[@bib0017] The validated Chinese version of three other instruments were employed to characterize the caregivers. The Short Form 36 version 2 (SF-36v2) provided separate components for physical and mental health status.[@bib0018] The Zarit Burden Interview Scale (ZBI) indexed caregiver burden based on feelings of over-sacrifice, perceived care-recipient\'s dependence, negative emotions during care, feelings of inadequacy, and uncertainty about the care-recipient\'s future.[@bib0019] Finally, the Revised Caregiving Self-Efficacy Scale (RCSES) evaluated responding to problematic behavior, obtaining support, managing the household, regulating moods related to caregiving, and gathering healthcare information.[@bib0020] ^,^ [@bib0021]

Statistical Analysis {#sec0006}
--------------------

Demographic data were compared by one-way ANOVA or χ² test for group differences. Outcome measures were initially subjected to separate ANOVAs with a 2 × 2 × 2 mixed design, with between-subjects factors: Group (intervention versus control groups) and Gender, and a within-subject factor: Time (pretest baseline versus post-test). The effect of group over time never depended on gender (*see Supplemental Digital Content S2*), and therefore the factor Gender was dropped in the final analysis to increase power. Additional 2 × 2 (Group × Time) ANCOVAs were performed with the inclusion of age and years of education of both the care-recipients and caregivers as covariates. A significant Group by Time interaction in the 2 × 2 (Group × Time) ANOVA and ANCOVA would indicate that change over time of a given outcome measure differed significantly between groups. Significant interactions were investigated further by ANOVA restricted to a group and a given time point, and ANCOVA of post-test scores using pretest scores as covariate were conducted. Effect sizes of significant effects from ANOVA/ANCOVA are reported in *η* ~p~ ^2^. *Ad hoc* correlative analysis and linear regression were performed to examine the strength of the association between overall concomitant changes observed in care-recipients and caregivers. All analyses were conducted using SPSS-IBM v23. Type-I error rate was set at p \<0.05.

RESULTS {#sec0007}
=======

Demographics {#sec0008}
------------

As summarized in [Table 1](#tbl0001){ref-type="table"} , the sex-ratio and average age of care-recipients or the caregivers, and caregivers' education were comparable between groups. The years of education could only be unambiguously determined in 24 and 26 care-recipients in the control and intervention groups, respectively. One-way ANOVA indicated a significant group difference \[*F* ~(1,48)~ = 4.70, p \<0.05, *η* ~p~ ^2^ = 0.09\] with care-recipients in the intervention group had almost one additional year of education (∼13% more) than their counterparts in the control group. The two groups did not differ significantly in terms of number of chronic diseases in the caregivers, the hours of support provided by all carers (spouse and other family members/relatives) per day, and the major source of income (see statistics in [Table 1](#tbl0001){ref-type="table"}).TABLE 1Sociodemographic CharacteristicsTABLE 1Control\
(n = 30)Intervention\
(n = 30)Group Difference**Age (years)**Care-recipients with NCD72.73 ± 0.84 (64--80 yr)72.87 ± 0.84 (65--80 yr)*F*~(1,58)~ = 0.01, p = 0.91Caregivers71.83 ± 0.80 (66--82 yr)72.43 ± 0.80 (66--82 yr)*F*~(1,58)~ = 0.28, p = 0.60**Years of education**Care-recipients with NCD[a](#tb1fn1){ref-type="table-fn"}7.04 ± 0.31 (5--9 yr)7.96 ± 0.29 (5--11 yr)*F*~(1,48)~ = 4.70, p = 0.035,\
*η*~p~^2^ = 0.09Caregivers8.23 ± 0.25 (6--11 yr)7.90 ± 0.25 (6--11 yr)*F*~(1,58)~ = 0.88, p = 0.35**Female: male ratio**Care-recipients with NCD12:1813:17*χ*^2^ = 0.07, df = 1, p = 0.79Caregivers18:1217:13**Number of Chronic diseases reported in caregivers**[b](#tb1fn2){ref-type="table-fn"}001χ^2^ = 1.15, df = 2, p = 0.561--22225\>354**Hours of support by family (including primary caregivers) per day**4--8 hr2115*χ*^2^ = 2.50, df = 1, p = 0.11\>8 hr915**Major source of financial income**[c](#tb1fn3){ref-type="table-fn"}Social security86*χ*^2^ = 0.38, df = 2, p = 0.83Family/relatives910Own saving1112[^1][^2][^3][^4]

Impacts on Care-Recipients With NCD {#sec0009}
-----------------------------------

The intervention with supplementary telehealth delivered via video-conferencing apps was associated with to a resilience against a fall in general cognitive functioning in the control group over the study period ([Fig. 1](#fig0001){ref-type="fig"} A). The MoCA scores in the intervention group remained largely stable, and thus by the end of 4 weeks their MoCA scores were superior to controls. The falling trend in quality of life observed in the control group over the study period was absent in the intervention group ([Fig. 1](#fig0001){ref-type="fig"}C). Despite the baseline (pretest) difference in favor of the control group, the intervention group enjoyed a higher quality of life by the end of the study period. Finally, the two groups never differed in terms of behavioral and psychological problems, which hardly changed across time ([Fig. 1](#fig0001){ref-type="fig"}B).FIGURE 1Comparison of all primary measures obtained in the care-recipients with NCD \[**A--C**\] and in their caregivers \[**D--G\]**at baseline and at study\'s end 4-week later, denoted as \"Pre\" and \"Post\", respectively, in the abscissa of each individual plot. \* denotes group difference at p \<0.05 based on one-way ANOVA of pretest or post-test scores. \# denotes group difference at p \<0.05 based on ANCOVA of post-test scores with pretest scores as covariate. § denotes a significant time effect based on one-way repeated measures ANOVA restricted to either group. All values refer to group means ± standard error (SE, estimated from the error variance in the 2 × 2 ANOVA).FIGURE 1

The above impressions were confirmed by separate two-way (Group × Time) ANOVAs. The analyses of both MoCA and QoL-AD scores yielded a highly significant interaction \[MoCA: *F* ~(1,58)~ = 57.18, p \<0.001, *η* ~p~ ^2^ = 0.50; QoL-AD: *F* ~(1,58)~ = 17.17, p \<0.001, *η* ~p~ ^2^ = 0.23\]. The ANOVA also yielded a significant Time effect \[MoCA: *F* ~(1,58)~ = 45.97, p \<0.001, *η* ~p~ ^2^ = 0.44; QoL-AD: *F* ~(1,58)~ = 5.64, p \<0.05, *η* ~p~ ^2^ = 0.09\] but the Group effect was far from significance \[MoCA: *F* ~(1,58)~ = 1.45, p = 0.23; QOL-AD: *F* ~(1,58)~ = 0.02, p = 0.90\]. The critical interaction terms remained statistically significant with comparable effect sizes when the age and years of education of both care-recipients and caregivers were covariates in supplementary ANCOVAs. By contrast, the ANOVA of RMBPC scores did not yield any significant effects \[all *F*'s \<1\].

One-way ANOVAs confirmed that MoCA and QoL-AD scores were significantly higher in the intervention group at study\'s end \[MoCA: *F* ~(1,58)~ = 17.97, p \<0.001, *η* ~p~ ^2^ = 0.24; QoL-AD: *F* ~(1,58)~ = 5.54, p \<0.05, *η* ~p~ ^2^ = 0.09\]. When pretest scores were controlled as covariate by ANCOVA, the effect size of the group difference in post-test MoCA was substantially elevated \[*F* ~(1,57)~ = 55.23, p \<0.001, *η* ~p~ ^2^ = 0.49\]. However, controlling baseline difference by ANCOVA had rendered the post-test group difference in QoL-AD no longer significant \[*F* ~(1,57)~ = 2.44, p = 0.12, *η* ~p~ ^2^ = 0.04\].

To gauge the clinical significance, we classified our subjects based on their MoCA into major (≤18), mild (=19 to 21) and pre-NCD (≥22) levels (see [Table 2](#tbl0002){ref-type="table"} ).[@bib0022] The classification based on the post-treatment MoCA scores significantly depended on grouping \[χ^2^ = 9.09, df = 2, p \<0.05\], while such dependency was absent at baseline \[χ^2^ = 3.35, df = 2, p = 0.19\]. According to this set of criteria, a high proportion (16 of 17) of care-recipients with "pre-NCD" MoCA scores in the control group had attained the MoCA criterion for mild NCD in the study period. By contrast, no such shift of clinical status was seen in the intervention group.TABLE 2Classification of Care-Recipients Based on their MoCA Into Major (≤18), mild (=19--21) and Pre-NCD (≥22) LevelsTABLE 2BaselineAt Study\'s EndClassificationMajorMildPre-NCDMajorMildPre-NCDby MoCA≤1819--2122--24≤1819--2122--24Intervention2181011910Control111172271[^5]

Impacts on Caregivers {#sec0010}
---------------------

A deteriorating trend in all outcome measures for the caregivers was discernible in the control group over the study period. This was detected as a pre-to-post fall in the SF-36v2 mental and physical well-being component scores, in self-efficacy (RCSES), and a rise in perceived burden ([Fig. 1](#fig0001){ref-type="fig"}D--G). Regardless of the magnitude of these deteriorations seen in the control group, an opposite trend was evident in the intervention group, suggesting that supplementary video conference was associated with a general positive impact on the caregivers. This interpretation is supported by the emergence of the critical Group × Time interaction in the ANOVAs of all four measures. The effect size of the interaction was the largest in the physical and mental components of the SF-36v2 questionnaire \[*F* ~(1,58)~ = 60.30, p \<0.001, *η* ~p~ ^2^ = 0.51 and *F* ~(1,58)~ = 49.13, p \< 0.001, *η* ~p~ ^2^ = 0.46, respectively\], followed by the ZBI scale of perceived burden \[*F* ~(1,58)~ = 19.04, p \<0.001, *η* ~p~ ^2^ = 0.25\], and the RCSES self-efficacy score \[*F* ~(1,58)~ = 17.30, p \<0.001, *η* ~p~ ^2^ = 0.23\]. Again, these interaction terms all remained statistically significant when the age and education of both care-recipients and caregivers were covariates in ANCOVAs.

The SF-36v2 physical well-being component and ZBI scores of perceived burden were closely matched between groups at baseline, which subsequently diverged at the study\'s end ([Fig. 1](#fig0001){ref-type="fig"}D,[1](#fig0001){ref-type="fig"}F). Consistent with these graphical impressions, ANOVA of post-test scores yielded a significant group difference in the SF-36v2 physical well-being component \[F~(1,58)~=53.72, p \<0.001, *η* ~p~ ^2^=0.48\], ZBI scores \[F~(1,58)~ = 19.94, p \<0.001, *η* ~p~ ^2^=0.26\]. Their respective ANCOVAs (with pretest scores as covariate) yielded significant group effects \[all p\'s\<0.001\] with marginally larger effect sizes \[*η* ~p~ ^2^= 0.52 and 0.28, respectively\]. Although the two groups were not as closely matched in RCSES scores at baseline, the ANCOVA of post-test RCSES scores (with pretest scores as covariate) also yielded a significant group effect \[p \<0.001, *η* ~p~ ^2^ = 0.23\] and an effect size comparable with the interaction term in the original ANOVA. Baseline difference was most pronounced in the mental component of SF-36v2 ([Fig. 1](#fig0001){ref-type="fig"}E). When the post-test scores were analyzed by ANCOVA (with pretest scores as covariate), the effect size was revised downward \[*η* ~p~ ^2^ = 0.35\] relative to the interaction term in the original ANOVA, whilst the main group effect remained statistically significant.

Correlative Improvement Between Care-Recipients and Caregivers {#sec0011}
--------------------------------------------------------------

To examine strength of association between the improvement between care-recipients and caregivers on the relevant outcome measures above, we performed correlative analysis between two composite variables. To index the improvement in care-recipients across different measures, the pre--post changes in MoCA and QoL-AD scores were *z*-transformed and then averaged. To index the improvement in caregivers, all four relevant measures (physical components of SF-36v2, mental components of SF-36v2, ZIB, and RCSES) were likewise combined, except that the pre--post changes in ZIB scores were reversed in sign to reflect that a reduction in perceived burden corresponds to a benefit. As depicted in [Figure 2](#fig0002){ref-type="fig"} , a strong positive association \[*R* ^2^ = 0.53\] was evident across all 60 dyads \[Pearson\'s *r* = +0.73, df = 58, p \<0.001\]. However, the control and intervention groups largely segregated into two diagonally opposite quadrants of the scatter plot. An association of moderate effect size was detected in the intervention group \[*r* = +0.50, df = 28, p = 0.005, *R* ^2^ = 0.25\] but not in the control group \[*r* = +0.07, df = 28, p = 0.70, *R* ^2^ = 0.005\]. The sole presence of an association in the intervention group may suggest that the supplementary video conference facilitated positive synergistic interaction between care-recipients and caregivers of a dyad.FIGURE 2Scatter plot of pre--post changes observed in the care-recipients with NCD and their spousal caregivers based on relevant outcome measures that yielded statistical evidence for a group effect across time. Pre--post changes were normalized with respect to the mean and standard deviation of all subjects (N = 60), and then averaged to provide the summative indices for improvement (i.e., positive changes) in care-recipients and their caregivers, as represented by the abscissa and ordinate axes, respectively. Three regression lines, indicated by the arrows, are fitted to all or a subset of the data. The black regression line through the origin is fitted to all 60 dyads \[ANOVA of the linear regression was highly significant at *F*~(1,58)~ = 65.25, p \<0.001; *R*^2^ = 0.53, *b* = 0.66 ± 0.08\]. The red regression line is fitted to the dyads in the intervention group (N = 30) \[ANOVA of this linear regression was significant at *F*~(1,28)~ = 9.21, p = 0.005; *R*^2^ = 0.25, *b* = 0.49 ± 0.16\], whereas the blue regression line is fitted to dyads in the control group (N = 30), of which no significant association in pre--post changes between partners of the dyads was found \[ANOVA of this linear regression was far from statistical significance *F*~(1,28)~ = 0.15, p = 0.70; *R*^2^ = 0.005, *b* = 0.04 ± 0.09\]. The light blue and pink backgrounds show the location of quadrants I and III in the Cartesian plane, where most of the intervention and control groups lay, respectively.FIGURE 2

DISCUSSION {#sec0012}
==========

Supplementary telehealth delivered via video-conferencing apps implemented through mobile devices over 4 weeks -- when social distancing due to the COVID-19 pandemic was in place -- was associated with positive effects for community-dwelling older adults with neurocognitive impairment and their caregivers in comparison with conventional telehealth conducted by phone conversation alone. We also see that the overall benefits to the older adults with NCD and their caregivers were well correlated, especially in the intervention group receiving telehealth through video conference ([Fig. 2](#fig0002){ref-type="fig"}). Our findings suggest that the use of video conference in telehealth should be further explored especially in time of unfavorable social circumstances that limit social interaction and connectedness in this vulnerable group.

A positive impact was observed in all measures except for problem behavior indexed by the total frequency score in the 24-item RMBPC. Notably, the RMBPC frequency scores remained very stable over time. This is in keeping with suggestion that depressive symptoms, anxiety, and apathy are at least moderately stable over time.[@bib0023] However, we cannot exclude the possibility that longer period of social distancing or isolation may worsen problem behavior. Alternatively, the stability may suggest a ceiling effect. Here, the total frequency scores of RMBPC were well above 60. It is well above the 33--34 incidences of problem behavior reported per week in a previous study of people (47--90 years old) with moderate to severe Alzheimer\'s disease in Taiwan.[@bib0016] Hence, one may suspect that the on-going social distancing had already elevated our baseline RMBPC scores, thus limiting the scope of further exacerbation of problem behavior.

On the other hand, we saw a reduction in cognitive functioning in the NCD subjects in the control group, and the additional delivery of health content via video conference was associated with a resilience against this reduction. Telehealth via video conference did not improve performance in the MoCA. Instead, it was maintained at a stable level over the study period. At post-treatment, the MoCA scores of the control group had fallen to a level below that of the intervention group. Indeed, the fall of 1.83 in the MoCA observed in the control group was substantial considering that it had occurred within only 4 weeks. Over the same period, the intervention group showed a marginal reduction of 0.1 in the MoCA. When the MoCA scores were translated into clinical classifications according to standard criteria,[@bib0022] we saw a notable proportion of care-recipients with "pre-NCD" MoCA scores in the control group attaining the MoCA criterion for mild NCD by study\'s end, whereas no such shift was apparent in the intervention group. It is therefore reasonable to suspect that the atypical, rapid fall in MoCA scores in our control group might stem from the barriers to social stimulation and interaction imposed by social distancing. However, we lack any direct measures of social activities to test this hypothesis. Given that the social distancing measures in Hong Kong[@bib0024] were less strict and less stringently applied compared with communities in North America and Europe, one may speculate that the negative impact on health and care of people with NCD would be more severe in these regions.[@bib0003] ^,^ [@bib0010] ^,^ [@bib0011] A direct comparison between communities with varying degrees of social measures is therefore warranted.

While the impact of telehealth via video conference on the care-recipients' cognitive functioning appeared best described as resilience, notable improvement in quality of life (indexed by QoL-AD) over time was demonstrated in the intervention group. It contrasted sharply with the deteriorating trend in the control group over the same period, such that care-recipients in the intervention group enjoyed better quality of life by the study\'s end despite them being inferior to controls at baseline ([Fig. 1](#fig0001){ref-type="fig"}C). This was paralleled by multiple improvements from the caregivers' perspective as demonstrated by all four measures of caregiver functioning.

Improvement in both physical and mental status of the caregivers was supported by the SF-36v2 health survey, which was accompanied by a reduction in perceived burden indexed by ZBI and increase in self-efficacy indexed by RMBPC ([Fig. 1](#fig0001){ref-type="fig"}D--G). Hence, the benefits attributable to the supplementary video-conferencing intervention clearly went beyond resilience. Interpretation of physical health and perceived burden is straightforward because the two groups were closely matched at baseline. Although a baseline difference was apparent in SF-36v2 mental health component and self-efficacy scores, the direction was such that the intervention group was initially lower than the control group in both measures and yet the group difference was reversed by the end of the study. This should not detract our observations that the use of video conference in telehealth was associated with multiple improvements in caregivers' well-being and functioning.

The correlation between the concomitant betterment observed in care-recipients and caregivers -- largely driven by the intervention group ([Fig. 2](#fig0002){ref-type="fig"}), was not surprising since synergistic interaction between care-recipients and caregivers is well known in many chronic conditions under home care.[@bib0025] What may be surprising however is the lack of such a correlation within the control group, where the general well-being of both care-recipients and carers deteriorated over time. Within the intervention group, the correlative analysis provided an estimate of 25% for the shared variance between the betterment observed in care-recipients and caregivers in this period. The regression line further suggests that one standard deviation (SD) unit of improvement observed in the care-recipients was associated with 0.49 SD unit in the caregivers, of their respective composite indexes.

Conclusion {#sec0013}
==========

Compared with telephone conversation alone, video conference could capture important social elements intrinsic to face-to-face interaction.[@bib0014] We suggest that this could be critically beneficial for people with NCD and their caregivers at home. Social distancing likely had exacerbated the impact of social isolation resulting from mobility limitation in this group of older adults. Indeed, the feeling of loneliess is known to be associated with lower engagment in face-to-face social interaction as well as lower use of mobile communcation devices.[@bib0013] ^,^ [@bib0014] Video-conferencing was apt in meeting such needs by this vulnerable group under the unusual social conditions caused by the ongoing pandemic. In addition, older adults reportedly find the experience of video-conferencing more user-centered and interesting.[@bib0026] The telehealth came across as more engaging, and the caregivers as well as the care-recipients likely had paid more attention to the content, whereas telephone call alone was perceived as passive. In addition, our subjects were positive toward learning to improve their operation of the mobile apps, which is a potential determinant on the effective content delivery and benefits of telehealth in older adults.[@bib0027]

Limitations {#sec0014}
-----------

First, we may not exclude the possibility that the superior benefits of video-conference supported telehealth stemmed primarily from the increased time or frequency of contacts as such. A head-to-head comparison between video conferences and phone calls with matching contact time is necessary. Second, the switch from phone calls to video conference likely had affected the content, style, and manner of the delivery by the health care providers, and these should have been recorded and subjected to analysis to isolate potential mediator variables. Third, randomization of group allocation would strengthen the impacts of our present findings. Fourth, the duration of the study only permitted examination of short-term impact associated with supplemental video conference to conventional telephone only delivery of health information for caregivers and care-recipients with NCD. Within the 4-week period, only four video-conferencing sessions were conducted. Although a strong impact was clearly identified, it is essential to examine whether further benefits may be possible with extended periods of supplementary video conference, and whether any such benefits would be sustainable when supplementary video conferences ceased. Fifth, the generalizability of our findings remains to be fully evaluated across communities differed in the manners and severity by which social distancing is enforced. Such comparative investigations between different geographical areas and socioeconomic segments would be instructive.
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[^1]: Summary of demographic data of the 30 dyads in the control group and the 30 dyads in the intervention group. Values refer to group means ± standard error (SE), and the range in years are given in parenthesis. The last four variables are frequency counts, classified by groups and categories. There were some data missing in some measures. One-way ANOVA was used to assess group difference in age and years of education in care-recipients with NCD and caregivers. χ^2^ goodness-of-fit test was used to evaluate frequency counts between group on sex ratio, presence of chronic diseases in caregivers, level of support by family per day (more or less than 8 hours per day), and the major source of income.

[^2]: Years of education in recipient with NCD were calculated based on 24 and 26 dyads in the control and intervention groups, respectively.

[^3]: Total hours of care provided by all family members (including the primary caregivers) were classified for 27 and 30 dyads in the control and intervention groups, respectively. Due to the low counts in some cells, the Fisher-Freeman-Halton Exact Test was also performed, which confirmed the lack of statistical significance based on the reported χ^2^ test of independence.

[^4]: The major source of financial income could only be reliably determined in 28 dyads of each group.

[^5]: Classification of the MoCA scores obtained at baseline and study\'s end of the care-recipients into "major", "mild" and "pre-NCD" range. According to these cut-offs, substantial deterioration was evident in the control group with a substantial proportion of care-recipients with "pre-NCD" levels of MoCA at baseline had shifted to the "mild" category. Such a shift was absent in care-recipients in the intervention group.
